Introduction
Sign languages are fully articulated communication systems in which linguistic information is transmitted in the visuospatial modality. Because each manually articulated sign can be analyzed as composed of smaller units, called formational parameters, the structure of sign languages can be considered equivalent to the phonological organization of spoken language (Brentari, 2011) . A sign can be identified on the basis of at least three formational parameters: hand shape (the shape assumed by the hands during its articulation), place of articulation (the area where the sign is articulated), and movement (the trajectory, path, straight, arc, or circular, which can be held during the articulation of the sign). While in spoken languages two words differing in only one phoneme are defined as a minimal pair, in sign languages, two signs are a minimal pair if they differ in just one formational parameter. Starting from this type of observation, which dates back to the pioneering work of Stokoe (1960) , much following work has established that sign languages have a phonological (as well as a morphological and a syntactical) organization, which is as complex as that of spoken languages (see Pfau, Steinbach, & Woll, 2012 , section I-III for an overview).
Notwithstanding a level of organization that parallels that of spoken languages, sign languages use a visuospatial (as opposed to an auditory) modality, and this could impact on nonlinguistic visuospatial processing although it is not always straightforward to disentangle the effect of sign language use from that of auditory deprivation. For example, deaf subjects show enhanced peripheral vision, but this is likely due to auditory deprivation rather than sign language use because both deaf signers and deaf nonsigners outperform hearing subjects in tasks requiring motion detection in the periphery (Bavelier, Dye, & Hauser, 2006) . On the other hand, there is evidence that sign language is responsible for enhanced abilities to generate and transform mental images. Indeed, hearing and deaf signers outperform hearing nonsigners in mental rotation tasks (Emmorey, Kosslyn, & Bellugi 1993; McKee, 1987) , and this is further modulated by the level of proficiency in sign language (Talbot & Haude, 1993) .
Another area in which sign language use has been claimed to be beneficial in a nonlinguistic task is visuospatial short-term memory (STM; see Dye, 2012 for an overview). A preliminary question is what supports STM for signs. There are two main possibilities. The first is that the visuospatial STM or Visuo-Spatial Sketchpad (Baddeley & Hitch, 1974 ) plays a major role. Alternatively, given the phonological organization of sign languages, STM for signs might rely on a modality-specific version of the Phonological Loop. This is what Emmorey (1997, 1998) claimed based on the observation of a length effect and a phonological similarity effect for signs, which are analogous to the effects that motivate the architecture of the Phonological Loop for auditory-verbal STM.
The issue of what supports STM for signs might help to explain the signers' advantage over nonsigners in the Corsi Block test, a measure of visuospatial STM (Capirci, Cattani, Rossini, & Volterra, 1998; Geraci, Gozzi, Papagno, & Cecchetto, 2008; Parasnis, Samar, Bettger, & Sathe, 1996; Wilson & Emmorey, 1997) . This may be due to a sort of "training" of the Visuo-Spatial Sketchpad in signers; alternatively, the Phonological Loop for signs is recruited in this nonlinguistic task, as proposed by Wilson and Emmorey (1997) .
Visuospatial STM can be further segregated into two separate subsystems, namely a visual and a spatial component, as supported by a large body of evidence from behavioral, developmental, neuropsychological, and neuroimaging studies (Logie, 1995) . For example, in Williams syndrome (Vicari, Bellucci, & Carlesimo, 2003) , the spatial span is significantly lower, compared with normally developing children, whereas visual span does not differ. Accordingly, Darling, Della Sala, Logie, & Cantagallo (2006) reported two brain-injured patients who showed a double dissociation of memory for spatial location and memory for appearance, supported by later evidence of different interference effects on these two types of information (Darling, Della Sala, & Logie, 2009) . Although the visual component is thought to be responsible for retaining visual shapes and colors, the spatial component holds locations and movement information. The two components coexist in most tasks but can be separated in principle. Because the visual and the spatial/ sequential components are both required in the two Corsi spans, the question remains of which of them (if any) is enhanced by sign language use. To investigate this issue, we engaged a group of deaf fluent signers early exposed to Italian Sign Language (LIS) and a control group of matched hearing nonsigners in three different tasks: the Corsi span forward, in which the participant has to immediately reproduce the sequence in the same order of presentation; the Corsi span backward, where the participant has to immediately reproduce the sequence in the reversed order and the Visual Pattern Test (VPT; Della Sala, Gray, Baddeley, Allamanno, & Wilson, 1999) . In this task, checkerboard patterns, in which half of the squares are black, are presented for immediate reproduction. Unlike the two versions of the Corsi Block test, which have a clear sequential component, the pattern of cells in the VPT is presented simultaneously, thus being a task that does not tap the spatial/sequential component or does it in a much lesser extent. An indication that the two tasks rely on (partially) different resources is provided by the fact that children and teenagers with Down's syndrome have a spatial-sequential span, at Corsi Block test, significantly higher than typically developing children matched for mental age, whereas no significant difference between the two groups is found on the VPT, although typically developing children reach a better mean visual span (Frenkel & Bourdin, 2009) .
Moreover, the VPT is disrupted by asking participants, during a retention interval, to observe a sequence of irrelevant visual stimuli (Della Sala et al., 1999) , whereas it is largely unaffected by concurrent hand movements. In turn, retention of spatial sequences is insensitive to disruption from irrelevant visual input (Logie & Marchetti, 1991) . Patients have been reported to show specific deficits on the Corsi task with preserved performance on the VPT and, conversely, to show impairment on the VPT with no corresponding impairment on the Corsi span (Della Sala et al., 1999) .
We introduced the Corsi backward because the comparison of forward and backward recall with visuospatial material has provided contrasting results, possibly due to the different engagement of executive processes (Vandierdonck, Kemps, Fastame, & Szmalec, 2004) . For example, Vandierdonck et al. (2004) found that articulatory suppression disrupted longer backward paths, whereas similar effects were not observed on forward recall. This suggests that in the backward condition, the information load warrants the need of supplementary coding, which means that the task relies largely on highly controlled processes. Possibly, signers are already accustomed in combining a spatial and a verbal coding due to the structure of sign language.
In LIS, every sign must include a movement component. A partial exception is fingerspelling but is not productively used by LIS signers, and in any case, it includes a transitional movement between a letter and the next one (Volterra, 2004) . Given this obligatory dynamic component, we hypothesized an advantage deriving from LIS use in dynamic visuospatial tasks like the Corsi span, but not in static ones like VPT.
Material and Methods

Participants
A group of 18 deaf, adult (11 men), LIS signers and a group of 18 hearing (10 men), adult, Italian native speakers participated in the study. The two samples were matched for age (deaf mean age: 39.33, range 25-65; hearing mean age: 36.5, range 20-64, t(34) = 0.75, p =.46) and education (deaf mean: 11.78, range 5-18, with two subjects having 18 years of education, equivalent to a Master of Science (MS) degree; hearing mean: 9.94, range 8-18, with one subject having 18 years of education also corresponding to a MS degree; t(34) = 1.31, p = .20). The deaf group was recruited from the North district of Italy through different deaf associations. All deaf participants were exposed to LIS before the age of six and have been using LIS as their primary mean of communication since early childhood. Depending on their age, they attended residential schools for the deaf or mainstream education but picked up LIS from spontaneous interaction, not in a formal setting.
They were severely (71-95 dB) or profoundly deaf (>96 dB) as revealed by a qualitative analysis of an autofilled survey. Nonverbal intelligence was in the normal range, as assessed by means of the Raven Colored Progressive Matrices (which is usually employed with adults in Italy and normative data are available), performed by 15 out of 18 (mean = 33.69, range 29-36, normal values > 18). The mean score on the Raven Colored Progressive Matrices, which corresponds to an equivalent score of 4 (scores higher than the median of the normative distribution), shows that participants were well above the mean in a nonverbal intelligence task. Their academic achievements also confirmed this. Similar academic achievements characterized hearing subjects. All hearing subjects had no deaf immediate family members or any knowledge and familiarity with sign language. All participants were right handed, as assessed by means of the Edinburgh Inventory Questionnaire (Oldfield, 1971) ; they took part as volunteers in the study and gave their written informed consent prior to the experiment.
Procedure
Participants were asked to perform three different tasks: the VPT (Della Sala et al., 1999) and two versions of the Corsi Block test, forward (Orsini et al., 1987) and backward. Instructions were given orally in the case of hearing people, whereas an interpreter provided the instructions in LIS for deaf signers.
As briefly mentioned above, in the VPT, subjects are presented with checkerboard patterns of increasing sizes (from the smallest 2 × 2 to the biggest 5 × 6 matrix; see Figure 1 ), with half of the squares black and half white. Three patterns are presented for each size. The patterns are displayed for 3 s and then removed from the view. Subjects are then asked to reproduce the pattern in an empty grid of the same size by marking the squares that were black. The testing keeps going with patterns of increasing size until the subject fails all three trials. The score corresponds to the number of correctly marked cells (ranging from 2 to 15) in at least one of the most complex pattern recalled out of three probes.
The Corsi Block test consists of a board containing nine cubes at fixed, pseudorandom positions, labeled with numbers visible only to the experimenter. In the Corsi span forward, the experimenter taps a sequence of blocks of increasing length, and immediately after that, the participant has to reproduce the sequence in the exact order. The longest sequence for which three out of five sequences are correctly reproduced corresponds to the subject's visuospatial span. In the Corsi span backward the material and procedure are the same as in the forward version, with the difference that subjects are required to reproduce the sequence in a reversed order. In both versions, the experimenter taps the blocks at a rate of 1 s each and the sequences' length (i.e., the score) ranged between 2 and 9.
Results
All participants obtained a score in the normal range in the Corsi Block test because all scores were higher than 3.50, the cut off for pathological performance as reported in Corsi Block test's norms (Orsini et al., 1987) . In the case of VPT, except for one deaf subject scoring 4, all the remaining participants had a normal score on the VPT, i.e., scores > 5, the cut off for pathological score (Della Sala et al., 1999) .
The mean span for the deaf group on the Corsi span forward was 5.3 (standard deviation [SD] 1.1) and on the backward 4.8 (SD 1.1). The VPT mean score was 8.3 (SD 1.9).
The hearing subjects' mean span was 4.6 (SD 0.7) on the Corsi forward and 4.5 (SD 0.8) on the Corsi backward. The VPT mean score was 9.8 (SD 1.7).
To compare the performance between the two groups on the Corsi span tasks (forward and backward), we run a repeated measures analysis of variation on raw scores with Test (2 levels: Corsi forward and Corsi backward) and Group (2 levels: deaf and hearing) as within and between subjects factors, respectively. The main effect of Test was not significant [F(1,34) = 2.04, p = .16]. Also, the interaction Test × Group was not significant [F(1,34) = 1.24, p = .27]. The main effect of group was significant [F(1, 34) = 3.89, p = .05], indicating a lower performance for the hearing group (Figure 2 ). Planned comparison (t test) showed a significant greater span for deaf than hearing group on the Corsi Forward test [t(34) = 2.3, p = .03].
In contrast, the hearing group overcame the deaf group on the VPT [t(34) = −2.5, p = .01] (Figure 2) . Nonparametric Kendall's Tau coefficients, which are recommended for a correlation analysis among n < 20 samples and when the range of values is small, were computed among the three tasks for both samples (Noether, 1981) .
In the deaf group, the performance on the three tasks did not significantly correlate. In hearing subjects, performances in the two Corsi span significantly correlated (τ = 0.41, p = .02), as well as between the VPT and the Corsi forward (τ = 0.52, p = .01). Because in both groups the level of education varied among subjects, we performed a correlation analysis between the level of education and the score on the three tests for both groups. Although in the deaf sample no significant correlations emerged, in the hearing sample the level of education significantly and positively correlated with the score at the Corsi Backward [τ = 0.53, p = .02].
Discussion
We administered the Corsi span backward and the VPT, which were never tested before in a deaf population. The Corsi span forward was presented as well. We reasoned that exploring potential differences among spatial and visual components in STM could help clarify the advantage that deaf signers show over hearing nonsigners in the Corsi span forward, which has been reported in several experiments mentioned in the introduction. In our study, deaf subjects outperformed hearing controls on both Corsi Block tests, providing evidence of a trend toward a signers' advantage over nonsigners in the Corsi backward span in addition to that in Corsi Forward, shown by previous results (Geraci et al., 2008; . A possible hypothesis is that familiarity with sign language (as opposed to hearing deprivation) is responsible for a better performance on the Corsi span tests (see Rudner, Andin, & Rönnberg, 2009 for a review on how sign language use may influences working memory processing in general). This hypothesis is consistent with previous results. First, deaf children who have no exposure to sign language do not perform better than hearing children on a series of visual spatial skills tests (Parasnis et al., 1996) , although this result must be evaluated carefully, because it cannot be excluded that the language skills of the deaf children who were not exposed to sign language did not support an appropriate cognitive development. Second, and more decisively, hearing children who are trained in sign language perform better on the same task than matched peers with no sign experience (Capirci et al., 1998) .
Although in the case of the Corsi Block test, sign language use may exert a positive influence, our data suggest that its use might be disadvantageous in the case of a static task such as the VPT. This result is in line with a previous observation on deaf children using diverse communication modes: Signing deaf children completed visual working memory tasks with a lower accuracy than bilingual and hearing children (Lòpez-Crespo, Daza, & Méndez-Lòpez, 2012) . Still, the result is quite puzzling. Why should the use of a visuospatial language be detrimental in a visual task? The question is even more legitimate because there is evidence that signers outperform nonsigners, or at least the two groups perform at the same level, in a variety of visuospatial tasks (Emmorey & McCullough, 2009) .
Crucially, the Corsi Block test and the VPT differ along two dimensions: on the one hand, the spatial component is central in the Corsi Block test, whereas the visual component is central in VPT. The second dimension that differentiates the two tasks is that the Corsi Block test is dynamic, whereas the VPT is static. This difference produced a double dissociation in visuospatial learning-disabled children (Mammarella et al., 2006) . We conjecture that it is the second dimension of variation (dynamic vs. static) that is responsible for the hearing advantage in the VPT. More specifically, we argue that the way verbal recoding takes place in sign and in spoken language might play a role. It has been observed that hearing subjects may use verbal recoding in the VPT, for example, by associating a visual pattern to a nameable entity (e.g., "this is a cross") or a verbal description of the pattern (e.g., "a black square only in the first line"). Miles, Morgan, Milne, and Morris (1996) found that when a VPT was paired with articulatory suppression, the performance was significantly reduced, suggesting that a verbal strategy may have benefited memory for the visual pattern. Conversely, in another study (Pickering, Gathercole, Hall, & Lloyd, 2001) , no evidence for a role of verbal recoding was found in similar tasks, but children and not adults were tested.
Possibly, in spoken languages, the strategy based on verbal recoding is effective with static presentation of the stimuli, as in the VPT, but not with dynamic presentation, as in the Corsi Block test. We conjecture that it is easier to attribute a name to a stable shape than to a trajectory that unfolds in time, possibly because we give names to objects based on the fact that they have a recognizable and steady shape (Soja, Carey, & Spelke 1991) .
Crucially, verbal recoding in sign language might be ineffective, even in VPT, as we illustrate by making a representative example: articulating the sign CROSS in LIS involves designing two intersecting lines, a sign which resembles the visual pattern to be reproduced. Therefore, when opting for verbal recoding, deaf signers would be bound to use the same resources recruited in the VPT. As a consequence, we hypothesize that recoding in sign language gives no real advantage and might even be detrimental in the VPT as it might qualify as articulatory suppression interfering with the task to be performed. This is in line with a finding by Hirshorn, Fernandez, and Bavelier (2012) who show that deaf signers are outperformed by hearing nonsigners in a spatial STM task that requires verbal recoding but have a significantly better performance in a similar task in which verbal recoding is not possible. Note that, if the verbal recoding strategy is not operative with the Corsi Block test, given its dynamic character, signers should not be disfavored in this task.
Our hypothesis predicts that the difference between deaf signers and hearing nonsigners should decrease under articulatory suppression in the input phase of the VPT. We hope to test this prediction in future work.
An alternative explanation for the reduced visual span in deaf signers would be the potential importance of literacy for stronger visual skills development (McBride-Chang et al., 2011) : If deaf signers are less familiar with reading and writing than hearing peers, this might result in a poor performance on visual tasks. As LIS does not have a written form, it could be that deaf participants are less strong readers than hearing participants, whose main communication system (Italian) of course has a written form. On the contrary, remembering a path between items is much similar to sign comprehension. Because we did not measure familiarity with reading and writing in our experimental group, but we cannot exclude it in principle, we will not pursue this line of explanation.
The performance at the three tests did not significantly correlate in deaf signers, whereas in hearing subjects the two versions of the Corsi Block test did. Previous studies suggest that in hearing people the Corsi span forward and backward rely on the same cognitive process (Kessels, Van den Berg, Ruis, & Brands, 2008) , probably including the central executive to an equal extent (Vandierdonck et al., 2004) . Other authors (Smyth & Scholey, 1992) suggest that the Corsi span forward and backward can be maintained as visuospatial patterns without serial order involvement, because during presentation all items are visible, and it is only the path between them that has to be remembered. As for deaf signers, we conjecture that they outperformed hearing nonsigners in both Corsi tasks because Corsi span test requires encoding a movement path through space and this skill is likely enhanced in signers and because path identification is critical in sign processing. (Wilson & Emmorey, 1997) . Keehner and Gathercole (2007) developed a version of the Corsi span forward, which might be confused with our backward version. In their experiment, the tester and the participant were seated on opposite sides of a table facing each other, as in the canonical Corsi Block test, but two sets of Corsi blocks were used. One set was placed immediately in front of the tester, and the second was positioned directly opposite, in front of the experimental subject. Each set of blocks was rotated 180° relative to the orientation of the other set, such that each array "faced" the person in front of it. The tester tapped a sequence on the blocks set facing him or her and the experimental subject was then required to tap the corresponding (180° rotated) sequence on his or her set. Also, in this task (hearing), British Sign Language signers outperformed nonsigners. As Keehner and Gathercole (2007) point out, their version of the Corsi Block test can be seen as a nonverbal analog of spatial relations in sign language, in which signs are produced from the signer's perspective, so the addressee, who is usually facing the signer, must perform what amounts to a 180° rotation. So, the better performance of signers on the 180°-rotated Corsi Blocks can be interpreted as yet another case of influence of sign language in spatial nonlinguistic task.
All in all, sign language use does influence spatial nonlinguistic skills. Although sign languages can have an enhancing effect in tasks that are the nonverbal analog of operations normally performed by signers, like path identification or mental rotation, our results show that the beneficial or detrimental effect of sign language use is modulated in subtle ways by the requirements of each specific visuospatial task.
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